The aim of the study was to determine the effect of the geocomposite (GC) on macronutrient uptake of container-grown Brunnera macrophylla and substrate properties. The GC consists of superabsorbent polymer (SAP), internal skeleton and non-woven geotextile. It was designed to retain water in the soil in a form available for plants, by roots overgrowing the geotextile to access water. The GC was soaked in a multi-compound fertilizer (Insol ® U) and compared with soluble fertilizer (SF) and controlled-release fertilizer (CRF). The fertilizer rates were calculated to cover the equal N supply: 0.36 and 0.72 g N plant . The use of the GC also enhanced the accumulation of K and P, while CRF strongly reduced their content in plants. Distinct relations could be observed in the case of Ca accumulation. GC-0.72 g N plant −1 increased EC and water content in the medium without direct contact between SAP and substrate.
INTRODUCTION
Superabsorbent polymers (SAPs) are often used to prevent the water loss from the soil and to reduce water consumption in plant production. SAPs are materials that have the ability to absorb a large amount of water and aqueous solutions which can be subsequently taken up due to the suction force of roots. The process of water uptake by roots and water retaining by SAPs may occur repeatedly [Wroblewska et al. 2012 , Lejcus et al. 2015b .
Fertilization significantly modifies the SAPwater-soil cross-relations. Most of SAPs used in agriculture are polyelectrolytes, often composed of acrylamide, acrylic acid or potassium acrylate, which contain negative backbone charges [Zohuriaan-Mehr et al. 2010] . Being osmotic entities [Huttermann et al. 2009 ], they are sensitive to the concentration of salts in hydrating solution. High EC of the nutrient solution or irrigation water significantly impairs the swelling and expanding of SAP [Kazanskii and Dubrovskii 1992] . These properties of numerous SAPs used in agriculture are attributed to the presence of such hydrophilic groups as -OH, -CONH, -CONH 2 , and -COOH. Cations present in the solution dislocate and replace water molecules at polarized sites of polymers; hence the strength of inhibition depends on the type of monomer, concentration and valence of ions in the solvent as well as on the cross-linking density of SAP [Laftah et al. 2011 , Oksinska et al. 2016 . Carboxylic charges present in polyacrylates are particularly sensitive to multivalent metal cations that form electrovalent bonds with cross-linking charges [Wang and Gregg 1990] . The deterioration in swelling is partially reversible by monovalent cations [Bowman and Evans 1991] . On the other hand, some ions, especially monovalent ones, may be retained by superabsorbent polymers. Hence, SAPs are used as ion carriers and to control the mechanism for nutrient release.
The aim of the experiment was to qualify the impact of the use of water absorbing geocomposite on the medium growth properties and macroelements uptake of Brunnera macrophylla (Adams) I.M. Johnst cultivated in containers. The GC is a novel geosynthetic agent for retaining water in the soil. It is built of non-woven geotextile, internal skeleton and SAP. The application of the internal skeleton structure and the external nonwoven geotextile allows to compensate the influence of soil load on the functioning of SAP and to separate the SAP from the soil to avoid mixing, which might lead to negative results . We used the geocomposite to deliver a multi-compound fertilizer to plants and then compared it with other ones often used in container nursery production. We also assessed the influence of SAP on water content and electrical conductivity of the growing medium.
MATERIALS AND METHODS
The experiment with Brunnera macrophylla and GC was established in 2010 and 2012 at a research station of Wrocław University of Environmental and Life Sciences in Psary (long. 17.00E; lat. 51.05N). The plants, propagated in vitro, were planted in 1.5 dm 3 containers, in peat substrate containing 1 g dm −3 of YaraMila TM fertilizer, pH 6.8 (determined in distilled water, water to medium ratio 2 : 1, V : V). Plants were grown for 16 weeks. A completely randomized twofactorial experiment was designed. Three replications, 8 plants in each, were used, with two factors: the dose of fertilizer and the type of fertilization. The 5 g portion of superabsorbent polymer (potassium salt of cross-linked polyacrylic acid) was used for each GC. The GC was used in a cylinder form (diameter 7 cm, height 5 cm) and maximum water absorption (after expanding) was 300.0 cm 3 of distilled water. A nonwoven polyester geotextile and polyethylene internal skeleton were used in the geocomposites.
Experiment conditions. In the experiment, three types of fertilization were used: . For fertilizer composition, see Part I [Wroblewska et al. 2018] .
Before the experiment started, the GCs had been soaked in Insol ® U 0.3% and 0.6%, absorbing about 250 cm 3 of solution. Then the geocomposites were placed on the bottom of each container and after that plants were planted in. The rest of nutrients dose (per 75 cm 3 plant −1
) was supplemented directly into the GCs in four weekly injections. This way we provided totally 2.5 and 5.0 cm 3 Insol ® U per plant, respectively. SF (3.0 g or 6.0 g per plant) was applied twice in equal doses (1.5 g or 3.0 g per each treatment) onto the surface of substrate at monthly intervals. CRF (2.25 g or 4.50 g) was mixed with the growing medium before planting. A shaded (59%) plastic tunnel was used for plant cultivation. The plants were irrigated with tap water according to weather conditions. 200 cm used to determine the content of N in leaves, colorimetric method with ammonium molybdate and thiazole yellow was used to determine P and Mg, respectively [Nowosielski 1974 ], whereas the flame photometry method was used to determine the K and Ca contents [Faithfull 2002 ].
The analysis of variance (two-way ANOVA) was used to examine experimental data. The Duncan test was used to estimate the significance of differences. A non-parametric statistical analysis (Kruskal-Wallis test) was conducted to examine the differences for substrate temperature, EC and water content data. Calculations were performed at α = 0.05 level of significance using Statistica 10 software.
RESULTS

Growing medium properties.
None of the types and doses of fertilizer influenced the temperature of the growing medium during the cultivation period (Figs. 1a and 1b ), yet they considerably influenced its EC. Regardless of the time of measurement, a significant EC increase after the application of GC + 0.72 g N could also be noted (Tab. 1). A rapid growth of EC in these pots at the beginning of cultivation period was responsible for such an occurrence (Figs. 1c and  1d ). Furthermore, a higher dose of Insol ® U applied through the GC also increased water content in the medium (Tab. 1). The only fertilizer increasing the substrate water content in lower doses was CRF. It was also the treatment with the highest value of average water content. Among fertilization forms, SF contributed to a substantial lowering in the water content within almost all weeks of cultivation (Figs. 1e and 1f). Considering the water content during the whole experiment period, we documented a distinct, declining tendency in the substrate with GC-0.72 g N during the first 11 weeks (Fig. 1f) . Wróblewska, K., Chohura, P., Lejcuś, K., Dąbrowska, J., Bąbelewski, P. (2018) . Water absorbing geocomposite: a novel method improving water and fertilizer efficiency in Brunnera macrophylla cultivation. Part II. Properties of the medium and macroelement uptake efficiency. Acta Sci. Pol. Hortorum Cultus, 17(6), 57-63. DOI: 10.24326/asphc.2018.6.6 Fig. 1 . Effect of the type and the dose (g N) of fertilizer on the substrate parameters; temperature (a, b); EC (c, d); and water content (e, f); depending on the time of measurement Wróblewska, K., Chohura, P., Lejcuś, K., Dąbrowska, J., Bąbelewski, P. (2018) . Water absorbing geocomposite: a novel method improving water and fertilizer efficiency in Brunnera macrophylla cultivation. Part II. Properties of the medium and macroelement uptake efficiency. Acta Sci. Pol. Hortorum Cultus, 17(6), 57-63. DOI: 10.24326/asphc.2018.6.6 Macroelements content in plants. The average total nitrogen content in the leaves of Siberian bugloss did not significantly vary depending on the fertilizer used. A significant differentiation was caused by the doses of fertilizer. In all objects, an increased fertilization led to a substantial rise of N content in leaves. The largest differences between doses were recorded in the case of SF. The total N uptake by Brunnera varied significantly, depending on the dose and type of fertilizer application. The differences resulted mainly from the weight of plants, as the percentage of N content in tissues was similar for specific types of fertilization. Brunnera cultivated with the use of the GC accumulated over twice as much N as that fertilized with SF and approximately three times more than that fertilized with CRF (Tab. 1). The dose of fertilizer also influenced the uptake of this element in tissues. Brunnera fertilized with higher dose accumulated more nitrogen. On the first level of fertilization, the N accumulation from SF and CRF was similar, while in the case of higher dose of fertilizers, the uptake for SF was nearly twice as high as in the case of CRF. The use of the GC also enhanced the accumulation of K and P. Potassium content in plants grown with the GC was the same at both doses of fertilization, while P concentration was higher at the dose of 0.72 N g plant −1
. The content of both elements was the lowest in plants cultivated with CRF. Distinct relations could be observed in case of Ca accumulation: plants fertilized with CRF demonstrated the highest concentration, whereas the lowest content was proved in plants grown with the GC. The analysis of simultaneous influence of the type and dose of fertilization showed the same tendency. None of the experimental factors influenced the content of Mg in Siberian bugloss plants (Tab. 1).
DISCUSSION
Superabsorbents are widely used in agriculture, forestry, horticulture and environmental engineering as water-retention additives that prevent from water losses through the evaporation and leaching [Lejcus et al. 2015a] . Their main function after being introduced to the soil is to mitigate the water stress and to support the growth of seedlings or plants [Buchholz and Graham 1997 , Wroblewska et al. 2012 , Yang et al. 2014 , Lejcus et al. 2015b . The results of experiment with the use of SAP in the form of the GC are consistent with these observations [Wroblewska et al. 2017] . Due to the geocomposite application, the water content in the growing medium was higher than in case of the ones fertilized with SF and the same as fertilized with CRF, with the plants of Siberian bugloss being almost four times smaller. SAPs are also involved in nutrient management in the soil. The incorporation of nutrients into the medium impairs the SAP absorption capacity and swelling ratio as well as modifies the effect of SAP on plants. In conditions of high salinity, SAP may inhibit the plant growth and flowering [Sita et al. 2005] . For that reason, some authors do not recommend SAP amendment when it is accompanied by fertilization [Foster and Keever 1990] . On the other hand, there are also reports documenting an increased plant growth, regardless of nutrient-induced inhibition of SAP hydration. Fast growing plants reduce residual nitrogen in the soil. This deterioration is balanced by an increased nutrient recovery from applied fertilizer and reduced nutrient losses through leaching. SAP amendment may reduce the total N leaching even by about 50% [Mikkelsen 1994, Syvertsen and Dunlop 2004] . The amount of N retained by SAP depends significantly on the form of N fertilizer. Ammonium-N, as a cation, is stronger retained by polyacrylamides and polyacrylates than nitrate-N [Bres and Weston 1993] . These SAPs also delay the dissolution of highly soluble urea, increase its sorption capacity and favor the uptake [Abd ElRehim 2006] . One of the efficient methods of prolonging the supply and decreasing the loss of urea is developing the SAP-based control release fertilizers [Zheng et al. 2009 , Andiru et al. 2013 , if the release of salts can match plant requirements. Similarly, the same solution is employed to control P and K release. Results of our experiment corroborate the possibility of such geocomposite utilization [Cabala et al. 2016] . Plants cultivated with the geocomposite and a higher rate of fertilization continued to develop during the whole period of the experiment [Wroblewska et al. 2017] . The growth rate was stronger as compared to plants fertilized with CRF, suggesting that the timely manner of nutrient delivery more precisely covered demands of Brunnera. The fluctuations of EC during the cultivation give evidence that the rate of nutrient release was higher during the early period of produc-tion, when plant growth was the most intense [Wroblewska et al. 2017] . A distinct relation could be responsible for the poor growth of plants fertilized with CRF as the delivery of nutrients from CRF was increasing with time. Hence, it seemed not to be precisely synchronized with the potential growth of Brunnera. In such conditions, NPK losses are higher than when a soluble fertilizer is used [Mikkelsen et al. 1993] . Salt concentration in the medium surrounding the GC was considerably higher in the treatment with a higher rate of nutrient solution. An increased nutrient infiltration from the geocomposite due to deterioration of SAP swelling seemed to determine this phenomenon. The only element absorbed poorly by plants cultivated with the GC was Ca. A different mechanism could be involved in this response, including competence with other cations or immobilization of Ca ions by SAP.
As far as the geocomposites were concerned, the nitrogen intake by plants was higher than the applied mineral fertilization. Plants cultivated with the use of the geocomposite were 2-3 times higher than in other experimental combinations, but the percentage content of nitrogen in their tissues was similar to the other ways of fertilization. An additional source of this nutrient could have been the peat substrate, which was subjected to N mineralization as a result of microbial activity. The content of total N in peat is 1−3% [Korkalainen et al. 2007] and net N mineralization may reach 10 mg N kg −1 d.w. daily [Mettrop et al. 2014 ] under favorable conditions. There are usually no doubts about the effect of temperature: higher temperatures favor the microbial activity leading to more intensive N mineralization [Zaman and Chang 2004, Gao et al. 2014] . Monitoring of substrate temperature during the experiment did not indicate differences between treatments, thus other factors must have influenced the N mineralization. Among them, a type of substrate, nutrient supply, oxygen availability, moisture and pH are mentioned, but their influence on this process is not unequivocal: it may be decreased or enhanced by the same factor due to the complexity of interactions between the factors [Gao et al. 2014 , Mettrop et al. 2014 . A higher water and nutrient content as well as the form of N supply (urea) might be involved in an increased rate of N mineralization in production of Siberian bugloss with the use of the geocomposite.
CONCLUSION
The water absorbing geocomposites were involved in a well-pronounced improvement of nitrogen, potassium, and phosphorus uptake by Brunnera macrophylla plants. Their N uptake was approximately twice or three times higher than that of plants fertilized with SF and CRF, respectively. An exceptionally high N content was observed in plants cultivated with GC-0.72 g N plant −1
. It was greater than N supply from the fertilizer, suggesting an increased mineralization of peat substrate. The lowest NPK accumulation was noted in plants fertilized with CRF. Distinct relation was involved in Ca content in plants. The GC treatment also increased the EC and water content in the medium without direct contact between SAP and substrate. These results indicate that in the case of NPK, SAP in the geocomposite improved the uptake efficiency, probably by acting as a control release fertilizer which met the plant requirements more accurately than commercial CRF fertilizer used in the experiment.
